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©  High-frequency  oscillation  type  proximity  switch. 

©  A  high-frequency  oscillation  type  proximity 
switch  include  a  high  frequency  oscillation  circuit, 
circuit,  an  excitation  coil  driven  by  a  signal  produced 
from  the  high  frequency  oscillation  circuit,  a  com- 
pensating  coil  producing  a  voltage  having  a  substan- 
tially  same  potential  as  that  produced  from  the  ex- 
citation  coil,  a  differential  amplifier  circuit  for  dif- 
ferentially  amplifying  the  voltages  produced  from  the 
excitation  coil  and  the  compensating  coil  so  as  to 
produce  a  voltage  corresponding  to  a  voltage  pro- 
duced  by  the  excitation  coil  as  a  piece  of  metal 
approaches  the  proximity  switch  to  be  flowed  by  an 
eddy  current,  a  phase-shifting  circuit  for  shifting  a 

^   phase  of  an  output  signal  from  the  high-frequency 
^oscillation  circuit  by  a  predetermined  angle,  a  pulse 
^generating  circuit  for  generating  a  pulse  having  a 
r"  predetermined  cycle,  a  sampling  circuit  for  sampling 
Wand  holding  an  output  from  the  differential  amplifier 
JO  circuit  by  the  pulse  from  the  pulse  generating  circuit, 
r"and  a  comparator  circuit  for  comparing  an  output 
^from  the  sampling  circuit  with  a  reference  level  for 
©determining  whether  or  not  the  output  from  the  Barri- 

os  pling  circuit  exceed  the  level. 
LU 
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HIGH-FREQUENCY  OSCILLATION  TYPE  PROXIMITY  SWITCH 

Background  of  the  Invention 

1  .  Field  of  the  Invention 

This  invention  relates  to  a  high-frequency  type 
proximity  switch,  and  more  particularly  to  an  im- 
proved  proximity  switch  capable  of  sensing  an  ex- 
istence  or  characteristics  of  a  piece  of  metal  at  a 
high  accuracy. 

2.  Discussion  of  the  Related  Art 

In  a  conventional  electronic  high-frequency 
type  proximity  switch  including  a  high-frequency 
oscillation  circuit  having  a  sensing  coil,  as  a  piece 
of  metal  approaches  the  sensing  coil,  the  amplitude 
or  frequency  of  the  oscillation  developed  in  the 
oscillation  circuit  varies  so  that  the  piece  of  metal 
is  sensed  concerning  its  approach  or  material  by 
detecting  such  a  variation  of  the  oscillation.  A  vari- 
ation  of  the  oscillation  amplitude  in  such  a  conven- 
tional  proximity  switch  is  detected  by  finding  a 
variation  of  a  loss  resistance  of  the  sensing  coil, 
and  a  variation  of  the  oscillation  frequency  is  de- 
tected  in  finding  a  variation  of  a  reactance  of  the 
coil. 

Thus,  the  conventional  high  frequency  oscilla- 
tion  type  proximity  switch  detects  the  variation  of 
the  loss  resistance  or  reactance  of  the  sensing  coil, 
in  which  as  a  high  frequency  magnetic  field  is 
applied  to  the  piece  of  metal,  an  eddy  current 
having  a  phase  in  accordance  with  the  characteris- 
tics  of  the  metal  (the  difference  of  the  electric 
conductivities,  magnetic  permeabilities  and  so 
forth)  and  the  frequency  of  the  applied  high  fre- 
quency  magnetic  field  occurs.  Accordingly,  a  volt- 
age  developed  in  the  coil  by  the  eddy  current,  viz. 
the  effect  on  the  coil  by  the  eddy  current  in  the 
metal,  does  not  coincide  with  the  loss  resistance 
and  the  reactance.  Moreover,  since  the  loss  resis- 
tance  and  reactance  of  the  coil  may  vary  in  accor- 
dance  with  a  temperature  applied  to  the  metal,  it  is 
difficult  to  separate  the  variation  by  the  tempera- 
ture  from  the  variation  by  the  eddy  current,  so  that 
the  temperature  characteristics  is  unstable. 

Summary  of  the  Invention 

It  is,  therefore,  a  primary  object  of  this  inven- 

tion  to  provide  high-frequency  oscillation  type  prox- 
imity  switch  which  detects  a  voltage  component 
itself  developed  by  an  eddy  current  flowing  through 
a  piece  of  metal  so  as  to  detect  an  existence  or 

5  characteristic  of  the  piece  of  metal  with  high  stable 
accuracy. 

In  accordance  with  an  example  of  a  preferred 
embodiment  of  this  invention,  there  is  provided  a 
high-frequency  oscillation  type  proximity  switch  in- 

w  eluding  a  high  frequency  oscillation  circuit,  an  ex- 
citation  coil  driven  by  a  signal  produced  from  the 
high  frequency  oscillation  circuit,  a  compensating 
coil  producing  a  voltage  having  a  substantially 
same  potential  as  that  produced  from  the  excitation 

75  coil,  a  differential  amplifier  circuit  for  differentially 
amplifying  the  voltages  produced  from  the  excita- 
tion  coil  and  the  compensating  coil  so  as  to  pro- 
duce  a  voltage  corresponding  to  a  voltage  pro- 
duced  by  the  excitation  coil  as  a  piece  of  metal 

20  approaches  the  proximity  switch  to  be  flowed  by  an 
eddy  current,  a  phase-shifting  circuit  for  shifting  a 
phase  of  an  output  signal  for  the  high-frequency 
oscillation  circuit  by  a  predetermined  angle,  a  pulse 
generating  circuit  for  generating  a  pulse  having  a 

25  predetermined  cycle,  a  sampling  circuit  for  sam- 
pling  and  holding  an  output  from  the  differential 
amplifier  circuit  by  the  pulse  from  the  pulse  gen- 
erating  circuit,  and  a  comparator  circuit  for  compar- 
ing  an  output  from  the  sampling  circuit  with  a 

30  reference  level  to  determining  whether  or  not  the 
output  from  the  sampling  circuit  exceed  the  level. 

The  high-frequency  oscillation  type  proximity 
switch  according  to  this  invention  employs  the  fol- 
lowing  principle: 

35  Generally,  a  normalized  impedance  of  the  vari- 
ations  of  an  impedance  (<aL)  of  a  coil  which  is 
approached  by  a  piece  of  metal  on  the  basis  of  an 
impedance  (uLo:  loss  is  neglected)  of  the  coil 
which  is  not  approached  by  the  piece  of  metal  is 

40  represented  by  vector  curves  shown  in  Fig.  3. 
Whose  ordinate  represents  variations  of  inductance 
(«>L/«>Lo)  and  whose  abscissa  represents  variations 
of  loss  resistance  (RAaLo).  Mark  F  in  Fig.  3  shows  a 
normalized  frequency  and  is  represented  by  the 

45  equation  F  =  2-?rfu,iair2  (f:  excitation  frequency,  Ui: 
magnetic  permeability  of  metal,  r:  radius  of  coil,  en 
electric  conductivity  of  metal). 

Assuming  that  a  piece  of  metal  approaches 
under  the  condition  of  the  normalized  frequency 

so  F  =  10,  a  variation  of  the  impedance  increases  in 
the  direction  A-»B—  C  as  the  piece  of  metal  ap- 
proaches.  The  voltage  produced  by  applying  a  high 
frequency  constant  current  i  to  the  coil  is  given  by 
multiplying  the  normalized  impedance  by  a  con- 
stant  uLoi.  In  other  words,  Fig.  3  may  represent  a 

2 
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voltage  vector  induced  by  the  coil. 
The  voltage  induced  by  the  coil  is  added  by 

voltages  according  to  eddy  currents  i~A  ,  ibT 
and  Tc?  in  proportion  to  approach  by  a  piece  of 
metal  into  a  reference  vector  oT  ,  and  changed 
to  voltages  OA  ,  OB*  and  oZ  .  Accordingly, 
the  voltage  a?  is  obtained  at  a  higher  S/N  ratio 
by  cancelling  a  voltage  component  of  the  reference 
voltage  oT  and  detecting  only  the  vector  direc- 
tions  1  A  ,  1  b  and  re  than  by  detecting 
the  variation  OA*  ,  0~b*  and  oS  . 

In  the  high-frequency  oscillation  type  proximity 
switch  according  to  this  invention  employing  the 
above  described  principle,  when  a  piece  of  metal 
does  not  yet  approach,  a  constant  current  gen- 
erated  from  the  oscillation  circuit  is  so  applied  to 
the  excitation  and  compensating  coils  to  cancel  the 
voltages  generated  from  the  both  coils  by  the  dif- 
ferential  amplifier  circuit  which  generates  almost  a 
zero  voltage.  If  the  piece  of  metal  reaches  a  pre- 
determined  distance,  an  eddy  current  is  generated 
in  the  piece  of  metal  by  a  magnetic  flux  from  the 
excitation  coil  to  add  a  voltage  caused  by  the  eddy 
current  into  the  excitation  coil,  so  that  a  difference 
voltage  between  excitation  and  compensating  coils 
is  produced  from  the  differential  amplifier  circuit.  At 
the  same  time,  the  phase-shifting  circuit  shifts  a 
high  frequency  signal  from  the  oscillator  circuit  by 
a  predetermined  angle  corresponding  to  a  normal- 
ized  frequency  F,  and  the  pulse  generat  ing  circuit 
generates  a  sampling  pulse  to  drive  the  sampling 
circuit  so  as  to  sample  and  hold  an  output  from  the 
differential  amplifier  circuit.  The  output  from  the 
circuit  corresponds  to  ,  TO*  and  TC? 
shown  in  Fig.  3  which  is  compared  with  the  refer- 
ence  level  by  the  comparator  circuit  to  determine 
whether  it  exceeds  the  level,  viz.,  whether  a  piece 
of  metal  approaches. 

Brief  Description  of  the  Drawings 

The  above  and  other  objects,  advantages  and 
features  of  this  invention  will  be  more  fully  under- 
stood  from  the  following  detailed  description  of  the 
invention  which  is  provided  in  conjunction  with  the 
following  drawings,  of  which: 

Fig.  1  is  a  schematic  circuit  diagram  of  a 
preferred  embodiment  of  a  high-frequency  oscilla- 
tion  type  proximity  switch  according  to  this  inven- 
tion; 

Fig.  2  shows  waves  forms  to  illustrate  an 
operation  of  the  proximity  switch  of  Fig.  1  ;  and 

Fig.  3  illustrates  variations  of  a  normalized 
impedance  of  a  coil  approached  by  a  piece  of 
metal  to  explain  a  principle  employed  in  the  prox- 
imity  switch. 

Detailed  Descriptionof  the  Invention 
5 

Referring  to  Fig.  1,  there  is  shown  a  circuit 
diagram  of  a  preferred  embodiment  of  a  high- 
frequency  oscillation  type  proximity  switch  accord- 

10  ing  to  this  invention,  which  includes  an  excitation 
coil  1,  an  compensating  coil  2,  and  a  pair  of 
resistors  Ri  and  R2  (R1  =  R2  =  R)  to  constitute  a 
bridge  connection  circuit  3.  Both  of  the  coils  1  and 
2  have  a  same  construction.  The  bridge  connection 

15  circuit  3  is  interposed  between  a  ground  GND  and 
a  high  frequency  oscillation  circuit  4.  The  excitation 
coil  1  is  disposed  toward  approach  by  a  piece  of 
metal,  while  the  compensating  coil  2  is  disposed 
free  from  a  magnetic  field  generated  by  an  eddy 

20  current  in  the  approaching  piece  of  metal.  A  con- 
nection  point  a  of  resistor  R1  and  coil  1  is  con- 
nected  with  a  minus  input  terminal  of  an  oper- 
ational  amplifier  5,  and  a  connection  point  b  of 
resistor  R2  and  coil  2  is  connected  with  a  plus 

25  input  terminal  of  the  amplifier.  A  pair  of  variable 
resistors  VR1  and  VR2  are  connected  across  the 
plus  and  minus  input  terminals  of  the  amplifier  5 
and  grounded  through  a  capacitor  C1  and  a  resistor 
R3,  so  that  unbalance  by  a  distributed  capacity  and 

30  so  forth  is  compensated.  The  minus  input  terminal 
of  amplifier  5  is  also  grounded  through  a  resistor 
Rs  and  connected  to  an  output  terminal  of  the 
amplifier  through  a  resistor  R+.  Thus,  a  differential 
amplifier  circuit  6  is  constructed  by  amplifier  5, 

35  resistors  R*  and  R5,  and  so  forth. 
The  output  terminal  of  the  operational  amplifier 

5  is  connected  to  a  plus  input  terminal  of  an 
operational  amplifier  1  1  through  a  resistor  R6  and  a 
field  effect  type  transistor  10.  A  changing  capacitor 

40  C2  is  connected  between  a  plus  input  terminal  of 
the  amplifier  11  and  the  ground  GND.  A  gate 
electrode  of  the  field  effect  type  transistor  10  is 
grounded  through  a  NPN  type  transistor  9.  A  minus 
input  terminal  of  the  amplifier  11  is  connected  an 

45  output  terminal  thereof  via  a  resistor  Rs  and 
grounded  via  a  resistor  R9.  Thus,  a  sampling  circuit 
12  is  constructed  by  transistors  9  and  10,  capacitor 
C2  and  amplifier  11. 

An  output  of  the  high  frequency  4  is  also 
50  applied  to  a  phase  shifting  circuit  7  which  shifts  the 

phase  of  a  high  frequency  signal  applied  thereto  by 
a  predetermined  phase  angle.  In  response  to  an 
output  from  the  phase  shifting  circuit  7,  a  pulse 
generating  circuit  8  generate  a  pulse  signal  which 

55  turns  on  the  transistor  9. 
An  output  of  the  operational  amplifier  11  is 

applied  a  comparator  circuit  13  which  compares 
the  applied  output  with  a  reference  level  to  produce 

3 
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a  high  signal  "logic  1"  and  turn  on  an  output 
transistor  14  when  the  applied  output  is  higher  than 
the  reference  level. 

An  operation  of  the  high  frequency  oscillation 
type  proximity  switch  will  be  described  hereinafter.  5 

As  a  power  source  is  applied,  the  high  fre- 
quency  oscillation  circuit  4  starts  and  the  exciting 
coil  is  excited  by  an  exciting  voltage  as  shown  in 
Fig.  2  (a).  In  case  that  no  piece  of  metal  ap- 
proaches  near  the  excitation  coil  1,  the  coil  1  10 
generates  a  voltage  only  induced  by  its  self  excit- 
ing  magnetic  field  which  is  substantially  same  as  a 
voltage  produced  in  the  compensating  coil  2,  so 
that  the  output  from  the  amplifier  5  is  generated  on 
the  basis  of  a  difference  voltage  between  voltages  15 
at  points  a  and  b.  Accordingly,  the  voltage  gen- 
erated  in  the  excitation  coil  1  is  cancelled  by  the 
voltage  produced  in  the  compensation  coil  2,  an 
output  produced  from  the  differential  amplifier  cir- 
cuit  6  is  almost  zero  as  shown  in  Fig.  2  (C).  20 
Variation  of  the  level  around  zero  is  based  on  an 
unbalance  of  characteristics  of  the  pair  of  coils  1 
and  2.  Such  an  output  from  the  amplifier  circuit  6 
does  not  raise  the  input  of  the  comparator  circuit 
13  higher  than  the  reference  level  and  the  output  25 
transistor  14  is  not  turned  on  though  the  sampling 
circuit  12  samples  the  output  from  the  amplifier 
circuit  6  in  response  to  the  pulse  signal  from  the 
pulse  generating  circuit  8. 

As  the  piece  of  metal  approaches  the  excitation  30 
coil  1  ,  an  eddy  current  flows  in  the  piece  of  metal 
due  to  variation  of  an  exciting  magnetic  field  and  a 
voltage  as  shown  in  Fig.  2  (b)  is  induced  in  the 
exciting  coil  1  by  a  magnetic  field  generated  by  the 
eddy  current.  The  voltage  induced  by  the  eddy  35 
current  has  a  phase  shifted  by  8  with  respect  to 
excitation  voltage.  The  voltage  by  the  eddy  current 
in  the  piece  of  metal  is  not  induced  in  the  com- 
pensating  coil  2,  so  that  the  voltage  component  by 
the  eddy  current  is  obtained  from  the  output  of  the  40 
differentia!  amplifier  circuit  6.  A  high  frequency 
signal  from  the  oscillator  circuit  4  is  shifted  by  9  in 
the  phase  shifting  circuit  7,  and  the  pulse  generat- 
ing  circuit  8  receiving  the  shifted  signal  generates  a 
sampling  pulse  shown  in  Fig.  2  (d)  which  turns  on  45 
the  transistor  9  and  the  field  effect  transistor  10  by 
rendering  a  gate  potential  of  the  transistor  10  to  a 
ground  level.  Accordingly,  the  output  from  the  dif- 
ferential  amplifier  6  is  applied  to  the  capacitor  C2 
for  charging  through  the  field  effect  transistor  10.  50 
As  the  sampling  pulse  ceases,  the  transistor  10 
turns  off  and  the  capacitor  stops  to  be  charged,  so 
that  the  level  charged  in  the  capacitor  C2  is  held 
for  application  to  the  comparator  circuit  13  until  a 
next  sampling  pulse  is  applied  to  the  transistor  10.  55 
The  comparator  circuit  13  compares  the  output 
from  the  sampling  circuit  12  with  the  reference 
level  Vs.  If  the  reference  level  Vs  is  higher  than  the 

output  from  the  circuit  (Fig.  2  (e)-section  A),  an 
high  signal  is  not  generated  as  shown  in  Fig.  2  (f) 
and  the  output  transistor  14  is  not  turned  on.  When 
the  output  from  the  sampling  circuit  12  goes  over 
the  reference  level  Vs  (Fig.  2  (e)-point  B),  the 
comparator  circuit  14  generates  a  high  signal  as 
shown  in  Fig.  2  (f)  and  the  transistor  14  is  turned 
on. 

Thus,  a  phase  component  of  a  voltage  by  an 
eddy  current  is  cancelled  when  no  piece  of  metal 
approaches,  but  a  phase  component  of  a  voltage 
by  an  eddy  current  to  be  detected  is  picked  up  by 
the  phase  shifting  circuit,  the  pulse  generating  cir- 
cuit  and  the  sampling  circuit  to  neglect  other  com- 
ponents,  so  that  the  S/N  ratio  is  improved  and  the 
characteristics  of  this  proximity  switch  is  stable 
against  variation  of  an  external  temperature. 

According  to  the  high  frequency  oscillation 
type  proximity  switch  of  this  invention,  not  only  the 
detection  of  approach  of  an  object  to  be  detected 
but  also  the  characteristics  of  the  object  can  be 
detected  by  selecting  a  phase  shifted  by  the  phase 
shifting  circuit  or  a  reference  level  for  comparison 
by  the  comparator  circuit  in  accordance  with  elec- 
trical  and  magnetical  characteristics  of  the  object. 

While  a  preferred  embodiment  of  this  invention 
has  been  described  and  illustrated,  it  should  be 
apparent  that  many  modifications  can  be  made 
without  departing  from  the  spirit  and  scope  of  this 
invention. 

Claims 

1.  An  oscillation  type  proximity  switch  for  de- 
tecting  a  metal  object  to  be  detected  thereby  com- 
prising; 
an  oscillator  (4)  for  generating  a  high  frequency 
signal, 
sensing  means  (1,  2,  6)  associated  with  said  os- 
cillator  for  generating  an  electrical  sensing  signal  in 
accordance  with  an  approach  of  the  metal  object, 
pulse  means  (7,  8)  associated  with  said  oscillator 
for  generating  a  predetermined  cycle  of  pulse  hav- 
ing  a  phase  shifted  by  a  predetermined  phase 
angle  from  said  high  frequency  signal, 
sampling  means  (12)  for  sampling  said  electrical 
sensing  signal  in  accordance  with  said  predeter- 
mined  cycle  of  pulse,  and 
comparator  means  (13)  for  comparing  an  output 
generated  from  said  sampling  means  with  a  pre- 
determined  value  to  generate  an  output  of  detec- 
tion. 

2.  An  oscillation  type  proximity  switch  accord- 
ing  to  Claim  1  in  which  said  sensing  means  (1,  2, 
6)  includes  a  pair  of  excitation  and  compensation 
coils  (1,  2)  energized  by  the  high  frequency  signal 
from  said  oscillator,  said  compensation  coil  gen- 

4 
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erating  a  voltage  having  a  substantially  same  po- 
tential  as  that  of  a  voltage  generated  from  said 
excitation  coil  when  the  metal  object  does  not 
approach. 

3.  An  oscillation  type  proximity  switch  accord-  5 
ing  to  Claim  2  in  which  said  sensing  means  further 
includes  differential  amplifier  means  (6)  for  receiv- 
ing  voltages  generated  from  said  excitation  and 
compensation  coils  to  be  differentially  amplified 
and  for  generating  an  output  having  a  voltage  in  w 
accordance  with  the  voltage  generated  from  said 
excitation  coil  by  an  eddy  current  flowing  the  metal 
object  approaching  the  excitation  coil. 

4.  An  oscillation  type  proximity  switch  accord- 
ing  to  Claim  1  in  which  said  pulse  means  (7,  8)  75 
includes  phase  shifting  means  (7)  for  shifting  said 
high  frequency  signal  generated  from  said  oscilla- 
tor  by  a  predetermined  phase  angle  and  pulse 
generating  means  (8)  for  generating  said  predeter- 
mined  cycle  of  pulse  based  on  the  shifted  high  20 
frequency  signal  generated  from  said  phase  shift- 
ing  means. 

5.  An  oscillation  type  proximity  switch  accord- 
ing  to  Claim  1  in  which  said  sampling  means  (12) 
further  includes  means  (C2)  for  holding  said  sam-  25 
pled  electrical  sensing  signal. 

5 
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F I G   2   ( a )  

E X C I T I N G   V O L T A G E  

F I G . 2 ( b )  
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